by the other. This indicates humans respond to severe and simultaneous physiological strains based on INTRODUCTION Impact of 'A' and 'B' combined (% reduction) Impact of 'A'(% reduction) Impact of 'B'(% reduction) 1 1 1 100 100 100
The other options are that the combined effect is significantly larger (synergistic) than the sum of the 
272
Exhaustion was defined as either a) volitional cessation of exercise (i.e. exercise intolerance) or b) a 273 failure to maintain the required rate (e.g. 60 extensions.min -1 ) or range (e.g. 80-140° of knee 274 extension) during three concentric knee extensor contractions in succession (i.e. task failure) (15).
276
Application of the dynamic workload
277
In this study a custom-built knee extension dynamometer was used. The equipment was designed based 278 on the work of Andersen et al (7) and Fulco et al (16). The initial seat and frame was taken from 279 commercial knee extension equipment (GymanoElite Pro, UK). To apply a concentric contraction only 280 load to the knee extensors, the weights system was replaced with an electromagnetically-braked 281 flywheel (Angio V2, Lode, Groningen, Netherlands). The flywheel was powered using a non-282 compliant adjustable crank arm and chain driven gearbox. A locking mechanism was constructed to 283 allow rapid changes between an isometric MVC (with FNS) and dynamic exercise (15, 16, 48) . A 284 visual-analogue scale was used to display current knee extension angle to the participants. The present 285 range of movement (e.g. 80-140° of knee extension) was selected based on piloting. This was 286 determined by an absence of antagonist stretching at extended ranges (>150°), with the aim of 287 minimizing monosynaptic co-activation of biceps femoris. The required rate (e.g. 60 extensions.min -1 ) 288 was controlled using an audible metronome set to 2Hz (a 'beep' for extension and flexion 289 respectively). The device was calibrated using dead weights of known mass (force) and goniometry 290 (range). During this experiment, the mean force transducer signal during each dynamic exercise bout
The CV in mean force transducer output during dynamic exercise across conditions was also small 293 (3.86%), indicating equal and proportional workloads were successfully applied to the knee extensors.
295
Dynamometer set up
296
For all experiments, subjects were seated with a hip and knee joint angle of 90 and 100° respectively.
297
The dynamometer was adjusted for each individual's femoral and tibial lengths, as well as their 298 popliteal to patella width. 
331
In analysis, the values of the three MVC's pre-and post-rest were averaged and each set of Q tw,sup and 332 each set of Q tw,pot were averaged for each MVC. MVC force was taken as the average of two forces 333 sampled 1-ms prior to delivery of each Q tw,sup .
335
The femoral nerve was stimulated by two 0. 
360
(PRE-REST), after a 40-min seated rest period (POST-REST) and immediately following exhaustion 361 (EXH) (Fig. 1 ). For simplicity, as well as to present the average gradient across the vastus lateralis 362 muscle, T m is displayed as a three depth mean (1, 2 and 3-cm). Mean T sk was calculated using equal 363 weighting from each of the seven measurement sites. Table Insert ). In response to dynamic exercise, independent exposure to hypoxia and to cold 450 reduced TTE by 505-s (p = 0.002) and 190-s (p = 0.006) respectively, from 915-s in control
451
(thermoneutral-normoxic) conditions. During independent exposure to the heated condition, TTE was 452 significantly (p < 0.001) reduced by 405-s (Fig. 2, Panel A) . normoxia (-60 ± 14%); however there was no significant interaction between stressors (p = 0.198; Fig.   457 2, Panel A). While the reduction in TTE in absolute terms did not visually appear additive of the two 458 stressors (suggesting antagonism) (Fig. 2, Panel A) , the relative percentage reductions in TTE caused 459 by cold and hypoxia were similar irrespective whether this was during combined or individual stressor 460 exposure (Fig. 2 , Table Insert ). This suggests an additive relative effect (percentage reduction) when 461 cold and hypoxia are combined. Conversely, combined hypoxic-heat reduced exercise time by 609-s 462 compared to thermoneutral normoxia (-63 ± 13%), with a significant antagonistic interaction between the other stressor (Fig. 2 , Table Insert) during independent exposure to cold (p = 0.004), heat (p = 0.006) and hypoxia (p < 0.001) compared to 478 thermoneutral-normoxia (increases of 1.6 ± 2.3, 3.1 ± 2.3 and 4.9 ± 2.7 %.min -1 for cold, heat and 479 hypoxia respectively). Moreover, the combined effects of hypoxia and cold as well as that of hypoxia 480 and heat on peripheral fatigue rate were additive (increases of 7.6 ± 3.2 and 8.3 ± 4.4 %.min -1 ) with no 481 significant interaction (p = 0.525).
482
[Insert Table 3 here] 483 484
Interestingly, volitional (central) fatigue (VA) was largely unaffected at exhaustion (Table 1) . Fig 4) .
574
It has been suggested that thermoregulatory strain (higher skin blood flow) is associated with the 575 observed narrowing of the skin to core temperature gradient (42, 57, 60) , as acutely observed in the 576 present study (42, 50, 57, 60) (Table 2) . Thus an increase in muscle fatigue may have occurred because 577 higher HR and/or blood redistribution away from viscera was not able to entirely compensate the 578 requirement for both high skin and muscle blood flow. In this regard, it is pertinent to consider the 579 present exercise intensity and current test population, for whom the exercise workload was both high-
580
intensity and unsustainable in all environments, thus requiring high levels of muscle oxygen delivery 581 ( Fig. 2, Panel A) . By comparison, the maintained muscle blood flow observed by Savard et al. (59) 582 employed an exercise workload that was sustainable for over 75-min. The increase in peripheral fatigue 583 in the heat may also be related to the Q 10 effect of T m on contractile efficiency (i.e. twitch fusion or 584 oxygen uptake kinetics) (23, 27, 54, 61) . At present however, the significance of the Q 10 effect remains 
